INTRODUCTION:
Although some factors associated with rehospitalization after community-acquired pneumonia have been identified, other factors such as medical care utilization and medication usage have not been previously studied. We investigated novel predictors of rehospitalization in patients admitted with pneumonia.
METHODS: Using Department of Veteran Affairs (VA) administrative data from October 2001 to September 2007, we examined a cohort of patients 65 years old and older, who were hospitalized with pneumonia, in 150 VA acute care hospitals. The cohort was randomly split into derivation and validation samples, and then logistic regression models were used to identify and validate predictors of all-cause rehospitalization within 30 days.
RESULTS:
Of the 45,134 subjects, 13% were rehospitalized within 30 days. No significant differences were noted between the derivation and validation cohorts. Factors associated with readmission included age, marital status, chronic renal disease, prior malignancy, nursing home residence, congestive heart failure, use of oral corticosteroids, number of emergency department visits a year prior, prior admission, number of outpatient clinic visits in a year prior, and length of hospital stay. The C statistics for the derivation and validation models were 0.615 and 0.613, respectively.
CONCLUSIONS:
Factors associated with readmission were largely unrelated to the underlying pneumonia, but were related to demographics, comorbidities, healthcare utilization, and length of stay on index admission. Pneumonia remains a significant problem in the United States, both in terms of mortality as well as cost to the healthcare system. Each year, over 1 million patients are hospitalized for pneumonia, with costs conservatively estimated at more than $7 billion in 2010. 1 One contributing factor for these costs is that pneumonia is the second most frequent reason for rehospitalization. 2 Rehospitalization after admission for pneumonia is now used as a marker for quality of care.
Given the cost and adverse outcomes of pneumonia, it is important to examine early rehospitalization to better understand what factors play a role. Studies have examined factors associated with readmission following an initial pneumonia-related hospitalization. Adamuz et al. showed that additional healthcare visits and rehospitalizations within 30 days of discharge from the hospital were common and were associated with worsening of signs or symptoms of pneumonia and/or comorbidities. 3 Other studies demonstrated that "instability" on hospital discharge, as well as treatment failure, were associated with increased risk of rehospitalization. 4, 5 Jasti et al. found rehospitalizations following pneumonia were usually comorbidity related, primarily cardiopulmonary and/or neurologic disease, rather than due to the index pneumonia. 6 Many of these studies, and others looking at age, activity of daily living score, socioeconomic status, and comorbidity characteristics, were performed in relatively small cohorts. Predictors of rehospitalization have not been studied in a large cohort of patients in an integrated healthcare system.
Our study looks at factors not addressed in prior studies that have used administrative claims data to identify factors associated with early readmission. We also evaluated these admission risk factors in a veteran population, whereas prior studies have primarily focused on those who receive Medicare. The purpose of this study was to examine predictors of early (30 days) readmission in the Veterans Affairs (VA) healthcare system for patients age 65 years and older hospitalized for pneumonia. Our a priori hypothesis was that comorbid illnesses, such as congestive heart failure and chronic obstructive pulmonary disease, and patients with high medical complexity, such as high number of medications and/or prior hospitalizations and nursing home residence, are the primary factors associated with increased risk of rehospitalization.
METHODS
For this national cohort study, we used data from the VA healthcare system administrative and clinical databases that serve as repositories of clinical data from more than 150 VA hospitals and 850 outpatient clinics throughout the United States. The institutional review boards of the University of Texas Health Science Center at San Antonio and VA North Texas Health Care System approved this study. Details regarding the study design and methods were previously published. 8 and were aged 65 years or older on the date of admission. To ensure patients obtained their care primarily at the VA, at least 1 VA outpatient clinic visit in the year preceding the index admission and at least 1 active and filled outpatient medication from a VA pharmacy within 90 days of admission were required for inclusion.
If a patient was admitted more than once during the study period, only the first hospitalization was included as the index admission.
Exclusion Criteria
Patients who died during the initial hospitalization were not included in this study. Patients admitted to hospitals with fewer than 25 reported hospitalizations during October 2001 to September 2007 were excluded, as these hospitals are neither representative nor generalizable. This resulted in the removal of 59 patients from 5 different hospitals.
Data Sources and Definitions
We used inpatient and outpatient demographic, utilization, and comorbidity data from the National Patient Care Database. Pharmacy data were extracted from the Decision Support System National Data Extracts and Pharmacy Benefits Management. Vital status information was obtained from the Vital Status file, which incorporates data from veterans' death benefits claims, inpatient deaths, Medicare Vital Status files, and the Social Security Administration's death master file. We used encrypted patient identifiers link to information across these databases.
We obtained demographic information (age, sex, race, marital status) from inpatient and outpatient data. We categorized race as white, black, Hispanic, and other/unknown. To infer active smoking and/or tobacco cessation attempts, we identified ICD-9 codes for tobacco use (305.1, V15.82), smoking cessation clinic use, and/or use of medications for the treatment of nicotine dependence (Zyban, nicotine replacement, or varenicline). We used VA priority status as a proxy for socioeconomic and disability status. VA priority groups are a way for the VA to focus limited funds to those veterans most in need. The highest group (priority group 1) must have at least a 50% serviceconnected disability. Priority groups 2 through 6 include veterans with up to 40% service-connected disability, former prisoners of war, those awarded certain honors, veterans with lower incomes, and the catastrophically disabled. The lowest groups (priority groups 7 and 8) include veterans with relatively higher incomes who agree to pay copayments. 9 We also obtained information on comorbid conditions from inpatient and outpatient administrative data. We defined alcohol abuse using ICD-9 codes 291, 303, 305.0, and illicit drug use with ICD-9 codes 292, 304, 305 excluding 305.0-.1. We used the Charlson Comorbidity Index to quantify levels of preexisting comorbidity 10 adapted for administrative databases, using ICD-9 codes for 19 comorbid conditions from prior outpatient and inpatient encounters. We defined cardiovascular events and lung cancer that were diagnosed during the hospitalization as previously described.
11,12
Outcomes Our primary study outcome was readmission within 30 days of hospital discharge for pneumonia from any VA acute care hospital only. Medicare has used 30-day readmission as a quality indicator, as readmissions that occur closer to discharge are believed to be more likely due to events during the index hospitalization. 13 
Statistical Analyses
We randomly divided patients from our initial cohort into equal derivation or validation cohorts. We assessed differences between the 2 groups using the Student t test for continuous variables and v 2 test for categorical variables. We performed univariate logistic regression analyses in the derivation cohort to examine the relationship between 30-day rehospitalization and each of our potential covariates. We entered covariates that were significant at P < 0.10 in the univariate analyses into a multiple regression model. Significant covariates at P < 0.10 were then entered into the final model. For this model, we used bootstrapping with replacement in 1000 replications to obtain standard errors of our coefficients and associated P values. Because some subjects had more than 1 index admission, we used robust variance-covariance matrix estimators to compute standard errors for model coefficients.
We used the C statistic to assess the discrimination of our model. Calibration of this model was measured using the Hosmer-Lemeshow v 2 goodness of fit test, using 10 quantiles to group the data. We evaluated differences in discrimination between the derivation and validation cohorts by comparing C statistics.
Last, using the final model in the derivation cohort, 5 categories of severity were created based on subjects' predicted risk values for readmission. Severity categories in both the derivation and validation cohorts were then graphically evaluated.
We defined statistical significance as a 2-tailed P value of <0.05. We used Stata 12 (StataCorp, College Station, TX) for all analyses.
RESULTS

Patient Characteristics
Of the 45,134 eligible patients, 13.2% were rehospitalized within 30 days, and rates by hospital ranged from 1.6% to 20.7%. Table 1 presents the comparison of baseline difference between the derivation and validation cohorts. There were no statistically significant differences between the 2 groups. Overall, the mean age was 77 years, 98% were male, and 54% were married. Over 90% of the patients received guideline-concordant antibiotics, and only 10% required a stay in the intensive care unit (ICU). The average length of stay was 7 days (standard deviation of 11 days).
Predictors of 30-Day Readmission
All variables listed in Table 1 were evaluated. The derivation logistic regression model is shown in Table  2 , and only includes predictors associated with rehospitalization. Antibiotic concordance and time in the ICU were evaluated and did not predict readmission. Variables that were significantly associated with rehospitalization in the models included age, marital status, the number of emergency department clinic visits a year prior, prior admission within 90 days, number of nonpharmacy clinic visits in a year prior, and hospital length of stay. The increasing age and number of emergency department and clinic visits were associated with higher odds of readmission. The longer the length of stay and those patients who were married had a lower odds of subsequent readmission. Other variables included were the presence of chronic renal disease, prior malignancy, nursing home residence, congestive heart failure, and prior use of oral corticosteroids. The C statistics for the derivation and validation models were 0.615 and 0.613, respectively. There were no significant differences in any of the variables between the derivation and validation cohorts. Figure 1 shows that the derivation and validation models are similar in percent rehospitalization group in all severity groups.
DISCUSSION
Sociodemographics and comorbidities, which are "host" factors, were significantly associated with rehospitalization of elderly patients admitted for pneumonia and length of hospital stay, the only pneumoniaspecific variable associated with readmission. 6, [14] [15] [16] Higher rates of all types of prior utilization (inpatient, outpatient, emergency department visits) were also associated with higher risk of rehospitalization. Our findings highlight the role that host factors play in rehospitalization of elderly patients with pneumonia and that there are few potentially modifiable targets to help reduce readmissions after pneumonia.
These findings may indicate 2 things: patients in this cohort are sicker than the general population at baseline and therefore require more medical care, and/or they are being evaluated by more providers increasing the chance they will be readmitted. For the former, an example is the association of prior use of oral corticosteroids with rehospitalization, which may demonstrate poorly controlled comorbidities (eg, chronic obstructive lung disease with recent exacerbation) that require steroid use. Given the VA's integrated healthcare system, greater access to primary care providers may lead to more opportunities for patients to voice their complaints, which can lead to more readmissions among severely ill patients. Weinberger et al. found an increase in hospital readmissions with increased access to primary care. 17 The association of readmission and length of stay is less likely related to pneumoniarelated clinical instabilities on discharge, but rather to the ability to address other potential issues related to the patient's underlying comorbidities. 5 Our study presents a model looking at rehospitalization of patients with pneumonia, including factors not addressed in a prior publication by Lindenauer et al., the model Centers for Medicare and Medicaid Services (CMS) uses to predict early rehospitalization. 18 Lindenauer's model included 39 variables (of which 37 were clinical variables), including vertebral fractures, other injuries, other gastrointestinal disorders, other urinary tract disorders, as well as demographic and comorbidity factors that were similar to some of those included Reference group includes non-Hispanic white, non-Hispanic black, Asian, American Indian, and unknown.
§ Reference group includes never married, separated/divorced, widowed, and unknown.
FIG. 1. Risk of 30-day readmission in the derivation versus validation cohort
by pneumonia severity on admission.
Tang et al. | Rehospitalization After Pneumonia in our study. Their 30-day rehospitalization medical record and administrative models had a C statistic of 0.59 and 0.63, respectively. A major difference between our presented model and the latter are the data on utilization of medical care. Despite these additional data, the resulting C statistics of 0.615 and 0.613 were not qualitatively better. The similar C statistics demonstrates that factors playing a significant role in determining rehospitalization have yet to be identified, and it is not clear if researchers will be able to identify potentially modifiable risk factors for rehospitalization. Examples of other potential factors that should be examined in future studies include family/community support, quality of the transition of care back to their residence, and quality of inpatient care. Calvillo-King et al. found a broad range of social factors that potentially affect the risk of postdischarge readmission for chronic heart failure. 19 For pneumonia, there were few studies that assessed the risk of social factors on readmission, and these were most commonly rather broad categories such as race/ethnicity or nursing home residence. In the publications that studied social factors and readmissions, there were inconsistent associations between hospital readmission with lower education, low income, and unemployment. Future articles may benefit from taking these additional factors into account.
Potential limitations to our study include the overwhelming majority of patients being male and in a VA population, which may limit generalizability. In addition, no data were available on the quality of the transition of care. Furthermore, limitations include the age of the data and the lack of evaluation of outpatient follow-up and antibiotics on discharge. Though our data are up to 10 years old, this study evaluates risk factors that are still relevant. Finally, some variables noted in the CMS model were not evaluated in our study, such as protein-calorie malnutrition, skin ulcers, and fracture history. Given these differences, we were unable to directly compare the performance of the 2 models.
Despite examining novel factors related to prior healthcare utilization, our model still performed suboptimally in identifying subjects at risk for rehospitalization after pneumonia. Future studies need to examine other social factors and patient frailty that may increase the risk of readmissions, as well as examine the impact of clinical stability on discharge. It remains to be determined if readmissions after pneumonia are truly preventable or mostly attributable to the patient's prior health status.
